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@) Single diaphragm second order differential microphone assembly. 

(57) A second-order differential (SOD) micro- 
phone includes a first-order differential (FOD) 
microphone element installed in a housing. A 
pair of front sound conduits extend from res- 
pective ports to a chamber on the front side of 
the microphone diaphragm, and a pair of rear 
sound conduits extend from respective ports to 
a chamber on the rear side of the microphone 
diaphragm. The two front ports and the two rear 
ports are all substantially collinear along a 
minor axis, with the rear ports intermediate the 
front ports or the front ports intermediate the 
rear ports. The respective acoustic transfer 
functions from each port to the microphone 
diaphragm are equivalent The microphone res- 
ponse is approximately proportional to the sec- 
ond spatial derivative, along the minor axis, of a 
sampled acoustic pressure field. 




Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP0 681 410 A2 



BACKGROUND OF THE INVENTION 

Second order differential (SOD) microphones 
have long been recognized for their superior noise 
cancelling performance relative to first order differen- 5 
tial (FOD) or zero order differential (pressure) micro- 
phones. Early workers conceived making a SOD mi- 
crophone by combining the outputs of two FOD mi- 
crophones, or by combining the outputs of three or 
four pressure microphones. Such an approach re- 10 
quires the use of microphones whose amplitude and 
phase responses are very well matched. 

Before elect ret microphones became available, 
typical off-the-shelf microphones did not exhibit the 
required match in amplitude and phase responses. 15 
Consequently, to produce a working SOD micro- 
phone with the then-existing technology, it was nec- 
essary to use a single FOD microphone with four dis- 
tinct parts arranged to communicate equivalently with 
the microphone diaphragm. Single diaphragm SOD 20 
microphones were designed and built using, for ex- 
ample, either a moving coil or piezoelectric transduc- 
er mounted within an enclosure having sound ports to 
spatially sample the sound field. (See, for example, A. 
J. Brouns, "Second-Order Gradient Noise-Cancelling 25 
Microphone," IEEE International Conference on 
Acoustics , Speech, and Signal Processing CH1610- 
5/81 (May 1981) 786 - 789, and W. A. Beaverson and 
A. M. Wiggins, "A Second-Order Gradient Noise Can- 
celing Microphone Using a Single Diaphragm," 30 
Acoust. Soc. Am. 22 (1950) 592- 601.) ~~ 

In some implementations, for example, the ports 
were placed symmetrically, at the four corners of a 
square, around the FOD microphone to ensure that 
the acoustic response of the diaphragm to each of the 35 
ports was identical. These single diaphragm SOD mi- 
crophones produced an output signal proportional to 

the biaxial second order derivative — — —of the sound 

dxdy 

pressure field. 40 

A later implementation, described in G. M. Sess- 
ler, and J. E. West, "Second order gradient uni-direc- 
tional microphones utilizing an electret transducer," 
J. Acoust Soc. Amer. 58 (1975) 273-278, incorporat- 
ed an electret microphone element in a single dia- 45 
phragm SOD microphone. Specifically, an experi- 
mental unidirectionaJ SOD microphone was fabricat- 
ed using an electret microphone into which tubes 
were inserted to sample the sound field at discrete 
points along an axis. (By "unidirectional" is meant that 50 
the microphone far-field sensitivity pattern is distinct- 
ly peaked in a preferred direction.) The tube lengths 
and their positions in the front and rear cavities of the 
electret microphone were chosen to produce the de- 
sired unidirectional far-field response. 55 

In order to achieve the desired second-order be- 
havior, it was necessary to precisely tune the Helm- 
holtz resonances of the cavities and the sensing 



tubes. The effort involved in this tuning operation de- 
tracted from the practicality of mass producing this 
SOD microphone. 

We have found that when a SOD microphone is 
configured to produce an output signal proportional to 

0*2 

the uniaxial second order derivative — — instead of the 

dx 2 

biaxial derivative of the sound pressure field, it can 
take better advantage of the spherical wave nature of 
a speaker's voice field to maximize sensitivity to the 
speaker's voice. This property is discussed, for exam- 
ple, in a co-pending United States patent application 
filed by C. Bartlett and M. Zuniga on April 21, 1994 
under the title, "Noise-Canceling Differential Micro- 
phone Assembly." 

Practitioners in the field of microphone design 
have hitherto failed to provide a single diaphragm 
SOD microphone that is easy to mass produce, and 
that has an output proportional to a uniaxial second 

order derivative of the acoustic pressure field. 
dx 2 

SUMMARY OF THE INVENTION 

We have invented a single diaphragm SOD mi- 
crophone that is readily mass produced. It includes an 
enclosure into which a commercially available FOD 
microphone element, such as an electret microphone 
element, is readily inserted, without the need for 
penetrating the casing of the microphone element as 
provided by the commercial supplier. The output of 
our microphone (within a practical frequency range) 
is proportional to a uniaxial, second order derivative 
of the acoustic pressure field. 

In a broad sense, our invention involves a first- 
order differential microphone mounted within a hous- 
ing. Within the housing, a front cavity is defined ad- 
jacent the front side of the microphone diaphragm, 
and similarly, a rear cavity adjacent the rear side of 
the diaphragm. A pair of conduits, referred to as front 
conduits, conduct acoustic energy from respective 
first and second front ports to the front cavity, and 
similarly, a pair of rear conduits conduct acoustic en- 
ergy from respective first and second rear ports to the 
rear cavity. 

All four conduits have equivalent acoustic trans- 
fer functions from the respective ports to the dia- 
phragm. (By "equivalent" is meant that they may be 
treated as equal for the purpose of making practical 
predictions of microphone behavior.) To make these 
transfer functions equivalent, the four ports have 
equivalent cross-sectional areas, the front and rear 
cavities have equivalent volumes, and the four con- 
duits have equivalent lengths and cross-sectional 
areas, and meet their respective cavities in an acoust- 
ically equivalent manner. 

The cavity, conduit, and port dimensions are 
such that the acoustical system consisting of the mi- 
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crophone, cavities, conduits, and ports has no more 
than one acoustic resonant frequency less than 3500 
Hz, and no Helmholtz resonant frequency less than 
3500 Hz. Moreover, the four ports are substantially 
collinear along an axis, which is here denoted the "mi- 5 
nor axis". According to the arrangement of the ports, 
the rear ports are intermediate the front ports, or the 
front ports are intermediate the rear ports. Each front 
port is separated an equal distance from the adjacent 
rear port. As a consequence, the microphone re- 10 
sponse is approximately proportional to the second 
spatial derivative, along the minor axis, of a sampled 
acoustic pressure field. This will be true for sound 
fields within a practical frequency range, in typical ap- 
plications the telephone band of about 300 Hz - 3.5 15 
kHz. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic, perspective view of the in- 20 
ventive microphone in one embodiment. 

FIG. 2 illustrates an exemplary division of the 
base member of the microphone of FIG. 1 into conve- 
niently manufactured and assembled parts. 

FIG. 3 is an illustrative pattern for the sound 25 
ducts of the microphone of FIGS. 1 and 2. 

FIG. 4 illustrates the use of an electronic filter in 
conjunction with the inventive microphone. 

FIGS. 5 and 6 are illustrative response curves for 
the electronic filter of FIG. 4. 30 

FIG. 7 compares the ambient noise responses of 
the inventive microphone and a standard, omnidirec- 
tional microphone. 

FIG. 8 is a schematic, perspective view of the in- 
ventive microphone in an alternate embodiment. 35 

FIG. 9 illustrates an exemplary, easily manufac- 
tured design for the microphone of FIG. 8. 

FIG. 10 illustrates the use of the microphone of 
FIG. 1 in a cellular telephone handset. 

FIG. 11 illustrates the use of the microphone of 40 
FIG. 8 in a cellular telephone handset. 

FIG. 12 is a schematic drawing illustrating a pre- 
ferred orientation for the inventive microphone, rela- 
tive to an effective point source of a near-field acous- 
tic signal. 45 

DETAILED DESCRIPTION OF THE INVENTION 

According to a currently preferred embodiment of 
the invention, sound ducts 8, 8', 9, and 9' are formed so 
in a slab-like base member 5 of an acoustically rigid 
material such as polymethyl methacrylate (PMMA), 
phenolic, or hard rubber. These ducts lead to a central 
cavity 6. Distal cavity 6, each sound duct terminates 
in a respective one of ports 1 - 4 for admitting sam- 55 
pled acoustic energy. The centers of ports 1 - 4 lie 
substantially along a linear axis herein denoted the 
"minor axis.* FOD microphone 11 is inserted in cavity 



6 in such a way as to form a seal between front cavity 
subportion 6.1 adjacent the front of the microphone, 
and rear cavity subportion 6.2 adjacent the rear of the 
microphone, such that the respective subportions are 
acoustically isolated from each other. The cavity sub- 
portions are referred to hereinafter as respective 
front and rear chambers. 

It should be noted that the terms "front" and "rear** 
as used herein are arbitrary, and have been adopted 
as a matter of convenience. It will be understood that 
these terms are interchangeable, as are the terms 
"top" and "bottom", and "upper" and "lower" when re- 
ferring to spatial properties of base member 5. 

A mounting element 7, such as a rubber ring, is 
useful for effecting this seal. We currently prefer to 
use an elect ret microphone. Appropriate such micro- 
phones are commercially available from numerous 
suppliers. 

The ports communicating with the rear of the mi- 
crophone should lie intermediate those communicat- 
ing with the front of the microphone (as shown in the 
figure), or vice versa. The distance between ports 1 
and 2 should equal the distance between ports 3 and 
4 within practical tolerances for the microphone to 
function as a SOD microphone. 

As noted, the sound ducts should be of equal 
cross-sectional area and length (within practical tol- 
erances), the ports should be of equal area, and the 
chambers 6.1 and 6.2 should be of equal volume. The 
transverse dimensions of the ducts and the port di- 
ameters should be much less than a wavelength of 
sound at the highest frequency of interest. (As a gen- 
eral rule, it will be sufficient if these dimensions are 
less than 0.1 wavelength.) For example, the highest 
frequency of interest for telephonic applications is 
generally 3.5 kHz, corresponding to a wavelength un- 
der typical operating conditions of about 10 cm. 

The midpoint between ports 1 and 2 is separated 
from the midpoint between ports 3 and 4 by a dis- 
tance referred to herein as the "minor diameter." 
While accommodating a given minor diameter, it is 
desirable to make the dimensions of the ports, ducts, 
and front and rear chambers small enough to exclude 
troublesome resonances. For example, if the micro- 
phone is intended to operate in the telephone band, 
these dimensions are readily chosen such that no 
Helmholtz resonance occurs at a frequency less than 
3500 Hz, and no more than one acoustic resonance 
(of any kind) occurs at a frequency less than 3500 Hz. 
In fact it will often be possible to exclude all acoustic 
resonances within the telephone band. 

As a consequence of this arrangement, the pres- 
sures P A and P 4 of a sound field at openings 1 and 4 
are guided through ducts 8, 8' to the front face of mi- 
crophone 11 in a manner identical to the way that 
pressures P 2 and P 3 of the sound field at openings 2 
and 3 are guided through ducts 9, 9' to the rear micro- 
phone face. The acoustic transfer function from each 
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port to the microphone diaphragm is. at least in a 
practical sense, the same. As a result, microphone 11 
produces a signal output, at electrical leads 10, that 
is proportional to the net pressure difference across 
the front and rear microphone faces. That is, 5 

Signal output = K((o)[(P^ + P 4 ) - (P 2 + P 3 )], 
where K(<o) is a frequency dependent proportionality 
constant whose primary frequency dependence is 
due to the identical longitudinal resonances in ducts 
8 and 9, the first of which occurs at a frequency for 10 
which the duct length is equal to a half wavelength. 

The signal output expression may be recast as 
K(o>)[{P, - P2).(P 3 - P 4 )l. 
where (P A - P 2 ) is the first order differential of the 
sound field between ports 1 and 2, and <P 3 - P 4 ) is the 15 
first order differential of the sound field between 
ports 3 and 4. Consequently, the signal output of FOD 
microphone 11 is approximately proportional to the 
uniaxial second order differential of the sound field 
pressure along the minor axis connecting the centers 20 
of the sound ports 1, 2, 3, and 4. 

We have built a readily manufacturable housing 
prototype for the FOD microphone, shown in FIG. 2. 
In this exemplary embodiment, slab 5 consists of two 
0.125-in sheets of PMMA. Ducts 8, 8\ 9, and 9', and 25 
the upper half of FOD microphone cavity 6, are cut all 
the way through upper sheet 5.1, exemplarily by 
stamping or milling. (Other manufacturing processes 
are also possible, such as molding processes in which 
the ducts and cavity are made by excluding material.) 30 
By a similar process, the lower half of cavity 6 is 
formed in lower sheet 5.2. 

The combined thickness of the upper and lower 
sheets when assembled is 0.25 in, which is approxi- 
mately equal to the diameter of our exemplary FOD 35 
microphone. A 0.010-in brass top cover plate 12 
serves to acoustically seal the top of the ducts. 
Round, 0.125-in-diameter sound ports 1-4 are drilled 
through plate 12, and positioned to align with the ter- 
minations of the corresponding ducts when the hous- 40 
ing is assembled. 

A 0.010-in brass bottom cover plate 13 serves to 
acoustically seal the bottom of microphone cavity 6. 
The electrical leads 10 of FOD microphone 11 are di- 
rected through small channels 14 between upper and 45 
lower sheets 5.1, 5.2. These channels are desirably 
filled with an air-tight sealant surrounding the electri- 
cal leads to prevent acoustic leakage. 

By way of illustration, the lateral dimensions of 
the microphone cavity of our prototype (as defined in so 
the lower sheet) were 10.73 mm x 6.05 mm. The cor- 
responding dimensions of the ducts and cavity as de- 
fined in the upper sheet are conveniently described 
with reference to FIG. 3. All duct widths were 3.0 mm. 
The other dimensions were: a, 16.0 mm; b, 26.0 mm; 55 
c, 13.0 mm; d t 8.0 mm; e, 12.0 mm; and f, 6.0 mm. 

For convenience, our prototype was made from 
two plastic sheets and two brass sheets. It should be 



noted that there are numerous other ways to subdi- 
vide the overall assembly. For example, the ducts and 
microphone cavity may be formed by removing mate- 
rial only partway through the upper and lower sheets 
(which are made somewhat thicker than in the above- 
described prototype), so that the upper sheet is one 
continuous piece with the top cover plate, and the 
lower sheet is one continuous piece with the bottom 
cover plate. This would conveniently be done, for ex- 
ample, in an injection molding operation. The FOD mi- 
crophone element would be inserted in its cavity just 
before final assembly of the upper and lower sheets. 

In another alternate embodiment, some of the 
ducts may be formed in the lower sheet, and others 
formed in the upper sheet. 

In the embodiment of FIG. 8, the ports are situ- 
ated on a side face 20 of base member 5, rather than 
on the top (or bottom) surface. This arrangement is 
desirable because it allows the two dimensions of the 
base member that are perpendicular to the minor axis 
to be made relatively small, leading to a compact de- 
sign. 

A currently preferred design of this kind is shown 
in cross sectional view in FIG. 9. In this design, PMMA 
sheets 16.1 and 16.2 are interleaved with thin, 
acoustically rigid plates 17.1, 17.2, 17.3, which are 
exemplarily made of brass. Chambers 6.1 and 6.2 are 
defined in upper sheet 16.1. Each of rectangular 
ducts 8, 8*, 9, and 9* has a portion defined in sheet 
1 6.1 that meets its respective chamber, and a portion 
defined in lower sheet 1 6.2 that meets face 20 to form 
a respective one of ports 1-4 that is rectangular in 
shape. Each duct includes a respective ascending 
portion 21 that joins the respective lower-sheet and 
upper-sheet portions of the duct. Each ascending 
portion 21 is defined, at least in part, by a rectangular 
perforation in plate 17.2. 

Exemplarily, the PMMA sheets are 1 mm thick, 
and the overall assembly is 44 mm long, 7 mm wide, 
and 2.844 mm thick. Microphone element 11 will typ- 
ically be larger in diameter than the assembled thick- 
ness of the PMMA sheets and brass plates. Accord- 
ingly, the microphone element will typically protrude 
above the top surface of sheet 16.1. In such a case, 
cover member 19 is used to seal over the microphone 
element Cover member 19 is exemplarily a brass 
plate, and may conveniently be made continuous with 
plate 17.1 , for example by forming it in a stamping op- 
eration. 

Optionally, microphone element 11 is placed 
symmetrically such that it protrudes by equal 
amounts above plate 17.1 and below plate 17.3. In 
such a case, a second cover member is readily incor- 
porated to seal over the microphone portion protrud- 
ing below plate 17.3. 

As noted, layered structures such as those de- 
scribed above have the advantage that they are easi- 
ly manufactured. In particular, they are highly repro- 
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ducible because conventional manufacturing meth- 
ods can be used to accurately match the duct and port 
characteristics from one workpiece to another. 

As shown in FIG. 4, the electrical output of micro- 
phone 11 is advantageously modified by electronic 5 
filter 15, to make the voice response of the micro- 
phone match a desired reference response, such as 
the voice response of a standard, omnidirectional mi- 
crophone. 

By way of illustration, FIG. 5 is a transfer function 10 
for an electronic filter useful in connection with a lab- 
oratory prototype having a duct resonance within the 
frequency band of interest. The notch behavior appa- 
rent near 2-3 kHz compensates this duct resonance. 

By contrast, the transfer function of FIG. 6 is use- 15 
ful in connection with a laboratory prototype whose 
duct resonance lies outside the frequency band of in- 
terest In this case, filter 15 does not need a notch to 
compensate a duct resonance. 

Compared in FIG. 7 are the response of the in- 20 
ventive SOD microphone and the response of an om- 
nidirectional microphone to ambient, far-field noise. 
Represented in the figure is the performance of each 
microphone type as mounted on a telephone handset 
An electronic filter is used with the SOD microphone 25 
to equalize its (spectral) voice response to that of the 
omnidirectional microphone. It is apparent from the 
figure that a reduction of 10 dB or more is achieved 
over substantial portions of the telephone band. 

It is well known that in telephonic applications, the 30 
sound field of a speaker's voice can be modeled, to 
a good approximation, as the radially divergent field 
of a point source. Such a source 40 is depicted sche- 
matically in FIG. 12, together with schematic repre- 
sentations of ports 1 - 4. As described in the above- 35 
cited patent application titled "Noise-Canceling Dif- 
ferential Microphone Assembly," this property can be 
used to enhance the transmitted response of a SOD 
microphone to the speaker's voice, relative to the re- 
sponse to the ambient noise. That is, let the x-axis of 40 
FIG. 12, which extends from source 40 to the midpoint 
of ports 1 - 4, be denoted the "major axis," and let the 
source-to-midpoint distance a be denoted the "major 
radius." When the major and minor axes are mutually 
perpendicular, the uniaxial second-order differential 45 
output of the microphone will be approximately pro- 
portional to the first-order derivative of the speaker's 
sound field (along the minor axis). By contrast, the re- 
sponse to diffuse, far-field noise will not depend pref- 
erentially on a particular microphone orientation. so 
Thus, with respect to the manner in which the voice 
response depends on distance from the speaker's 
lips, the microphone will respond like a FOD to the 
speaker's voice, but like a SOD to far-field noise. 
Good noise rejection will result because in typical dif- 55 
fuse noise environments, the second spatial deriva- 
tive of the acoustic pressure field is even smaller than 
its first spatial derivative. 



The magnitude of the output from a SOD micro- 
phone in this special orientation can be compared 
with the magnitude of the output from a single FOD 
microphone situated at the midpoint of the minor axis 
and oriented for maximum sensitivity to sound from 
the point source. Theoretically, the SOD:FOD ratio of 
these magnitudes is given by the expression: 



Ratio = 



4z z [l+(fai) 2 (l+z 2 )] 



2i3 



1/2 



where z = oV(2a), d is the minor diameter, k = to/c, o> 
is the angular frequency, and c is the speed of sound 
in air. 

To an excellent approximation (provided the dis- 
tance a, in units of one wavelength at the given fre- 
quency, is much smaller than ^-), the SOD output is 

maximal (relative to the hypothetical FOD output), 
without regard to frequency, when d = 1.4a. This de- 
sign formula may be used to optimize the geometric 
configuration of the microphone assembly for a par- 
ticular communications device based upon the ex- 
pected distance between the assembly and the user's 
lips. 

It should be noted in this regard that the minor di- 
ameter will often at least partly determine the lengths 
of the ducts. It is clear from the above discussion that 
in typical communications applications, the minor di- 
ameter will often be significantly smaller than a wa- 
velength, even at the high-frequency end of the tele- 
phone band. As a result, it will often be possible to 
make duct short enough to exclude all acoustic reso- 
nances within the telephone band. 

An illustrative application of the inventive micro- 
phone is in a cellular telephone handset, as shown in 
FIGS. 10 and 11. In FIG.10, microphone 30, similar in 
design to the microphone of FIG. 1 , is shown installed 
in flip portion 31 of a handset, where there is ample 
space in the lateral dimension perpendicular to the 
minor axis. By contrast, FIG. 11 depicts microphone 
32 installed in base 33 of a handset. Here, a more 
compact design is typically needed. Accordingly, mi- 
crophone 32 is similar in design to the microphone of 
FIGS. 8 and 9. 



Claims 

1. Apparatus comprising: 

a) a housing; 

b) mounted within the housing, a first-order 
differential microphone having a diaphragm, 
the diaphragm having a front side and a rear 
side; 

c) defined within the housing, a front cavity 
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adjacent the front side of the diaphragm, and 
a rear cavity adjacent the rear side of the dia- 
phragm; 

d) a first and a second front conduit for con- 
ducting acoustic energy from respective first 5 
and second front ports to the front cavity; and 

e) a first and a second rear conduit for con- 
ducting acoustic energy from respective first 
and second rear ports to the rear cavity, 
wherein; 10 

f) each of said ports has equivalent cross- 
sectional area, each of said cavities has 
equivalent volume, and each of said conduits 
has equivalent length and cross-sectional 
area and meets its respective cavity in an 15 
acoustically equivalent manner, such that 
each of said conduits has an equivalent 
acoustic transfer function from its respective 

port to the diaphragm; 

CHARACTERIZED IN THAT 20 

g) the cavity volume, the conduit length and 
cross-sectional area, and the port cross- 
sectional area are adapted such that the 
acoustical system consisting of the micro- 
phone, cavities, conduits, and ports has no 25 
more than one acoustic resonant frequency 

less than 3500 Hz, and no Helmholtz resonant 
frequency less than 3500 Hz; 

h) the first and second front ports and the first 

and second rear ports are all substantially col- 30 
linear along an axis to be referred to as the mi- 
nor axis; and 

i) said ports are arranged such that the rear 
ports are intermediate the front ports or the 
front ports are intermediate the rear ports, 35 
and each front port is separated an equal dis- 
tance from the adjacent rear port, whereby 

the microphone response will be approxi- 
mately proportional to the second spatial der- 
ivative, along the minor axis, of a sampled 40 
acoustic pressure field. 

Apparatus of claim 1 , wherein the microphone is 
an electret microphone. 

45 

Apparatus of claim 1, wherein the acoustical sys- 
tem has a frequency-dependent response func- 
tion, and the apparatus further comprises an 
electronic filter for modifying said response func- 
tion in a predetermined manner. 50 

Apparatus of claim 1, wherein: 

a minor diameter d is defined as the aver- 
age of the distance between the front ports and 
the distance between the rear ports; 55 

a major radius is defined as a line segment 
extending a predetermined optimum distance a 
between a speaker's lips and the midpoint be- 



tween the front or rear ports; 

the apparatus further comprises support 
means for maintaining said midpoint a distance of 
approximately a from a speaker's lips when the 
apparatus is in use, and for maintaining the minor 
axis approximately perpendicular to the major ra- 
dius; and 

the distance d is adapted such that the ra- 
tio ^ is near the value that optimizes the theoret- 
ical sensitivity, to the speaker's voice, of the mi- 
crophone in combination with the conduits and 
ports, relative to a hypothetical, equivalent micro- 
phone suspended in free space and oriented for 
maximum sensitivity. 

5 d 

Apparatus of claim 4, wherein the ratio - is ap- 

a 

proximately 1.4. 

6. Apparatus of claim 1 1 wherein the housing com- 
prises a body of acoustically rigid material, and 
each of said conduits is an elongated, hollow re- 
gion defined by inner surfaces of said body. 

7. Apparatus of claim 6, wherein: 

the body comprises a top layer having a 
substantially planar lower surface and a bottom 
layer having a substantially planar upper surface; 

at least one of the conduits comprises a 
channel formed in the bottom layer, said channel 
extending in one or two longitudinal dimensions 
substantially parallel to said upper surface and 
having a total length in the longitudinal directions; 

said channel extends from said upper sur- 
face to a depth, in the direction perpendicular to 
said upper surface, that is smaller than the total 
length; and 

the top layer overlies the bottom layer 
such that said upper and lower surfaces are in 
contact and the top layer forms an acoustically 
sealing cover for said channel. 

8. Apparatus of claim 7, wherein each of the con- 
duits comprises a channel formed in the bottom 
layer. 

9. Apparatus of claim 7, wherein each of the con- 
duits comprises a channel formed in the top layer 
interconnected to a channel formed in the bottom 
layer, the top layer forms an acoustically sealing 
cover for the channels formed in the bottom layer, 
and the bottom layer forms an acoustically seal- 
ing cover for the channels formed in the top layer. 

10. Apparatus comprising a first-order differential 
microphone having front and rear faces, wherein 
the front face is in acoustic communication with 
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first and second front acoustic conduits through 
a front cavity, the rear face is in acoustic commu- 
nication with first and second rear acoustic con- 
duits through a rear cavity, each conduit is ter- 
minated by a respective port for admission of s 
acoustic energy, and the ports are so arranged 
that the response of the microphone will be ap- 
proximately proportional to a second spatial der- 
ivative of a sampled acoustic pressure field, 
CHARACTERIZED IN THAT: io 

a) the apparatus further comprises a slab-like 
base comprising an acoustically rigid material 
and having a substantially planar surface, to 
be referred to as the top base surface; 

b) a pattern of channels is formed in the base, 15 
wherein the pattern is defined by interior sur- 
faces of the base, the channels are open at 

the top base surface, and the channels ex- 
tend in at least one longitudinal direction sub- 
stantially parallel to the top base surface; 20 

c) the pattern comprises four channels of 
equal length and cross sectional area, and 
each of said four channels is identified with a 
respective one of the acoustic conduits, so 

that the channels will be referred to, respec- 25 
tively, as the first and second front channels 
and first and second rear channels; 

d) the pattern further comprises a central cav- 
ity having a front end joined to the front chan- 
nels and a rear end joined to the rear chan- 30 
nels; 

e) the microphone is mounted in the central 
cavity such that the portion of the central cav- 
ity unoccupied by the microphone is subdivid- 
ed into mutually acoustically isolated front 35 
and rear portions of equal volumes, wherein: 

the front portion adjoins the front channels 
and the microphone front face, and is identi- 
fied with the front cavity; and the rear portion 
adjoins the rear channels and the microphone 40 
rear face and is identified with the rear cavity; 

f) each port is an opening in a surface of the 
base; 

g) the ports are arranged substantially along 

a straight line, the rear ports are intermediate 45 
the front ports or the front ports are intermedi- 
ate the rear ports, and each front port is dis- 
tant by the same amount from its adjacent 
rear port, such that the second spatial deriv- 
ative to be represented by the microphone re- so 
sponse is a uniaxial derivative; 

h) the apparatus further comprises a cover 
having a substantially planar surface, to be re- 
ferred to as the bottom cover surface; and 

i) the bottom cover surface is affixed in con- 55 
tact with the top base surface such that the 
cover forms an acoustically sealing closure 

for the channel pattern. 
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